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Introduction
The mitochondrion is the subcellular organelle that provides energy for the cell; thus, it is regarded as "the power plant of the cell" 1 . Interestingly, the fact that the mitochondrion has its own DNA that differs from that of the host cell may suggest the source of its mysterious origin, in that it may be derived from a kind of ancient bacteria 2 . There is evidence that after its successful incorporation into the host, it altered the evolution of the host cell 3 because it could provide it with ATP, which is the only energy form that cells can absorb. Recently, scientists have discovered that cancerous cells can exploit mitochondria to generate more energy for ultra-active metabolism of malignant cells 4 , while blocking the functioning of mitochondria can stop tumor growth.
The name "mitochondria" comes from the Greek words "mito" (particle) and "chondria" (lines), which describe their various structural characteristics in a cell. Their plasticity and structural dynamics can regulate a number of cancerous cell activities, such as proliferation, migration, and resistance to therapy . Using 3D stochastic optical reconstruction microscopy (STORM), Huang et al. showed the 3D ultrastructure of the mitochondrial network in a fixed cell 10 . However, because they are limited by the spatial resolution, the cristae can only be visualized as lamellar curtain-like structures. In both cases, the spatial resolution was insufficient to resolve the individual cristae for further analysis. Dannie et al.
also demonstrated label-free third-order photoacoustic (PA) nanoscopy of the cytochromes in the inner mitochondrial membrane in fibroblasts at 88 nm resolution 14 . Recently, we have reported the use of Hessian structured illumination microscopy (SIM) to investigate mitochondria dynamics, in which the cristae can be clearly visualized 15 . Even though it has a fast imaging speed, the highest spatial resolution for SIM (~90 nm) is still not enough to measure the sizes and distances in cristae during their evolution 16 . The high spatial resolution (~ 50 nm) and temporal resolution (~ 1 frame per second) make STED the most promising choice for the study of mitochondria, which is a tiny cell inside another cell 8, 9, 17, 18 .
There are two constraints prohibiting the application of STED to long-term live cell imaging. (1) cells have a limited tolerance for light exposure due to phototoxicity. Mitochondria are more sensitive to light than other cellular organelles due to the existence of photoreceptors encoded by the pro-fusion gene optic atrophy 1 (OPA1); excessive light exposure can cause mitochondrial dysfunction and mitophagy 19, 20 . (2) For STED nanoscopy, high intensity light is required to achieve improved resolution because the fluorescence in the "donut" area must be converted to stimulated emission (laser process) through high power laser illumination 21 . Moreover, the existing dyes for labeling mitochondria (such as MitoTracker) have several disadvantages, as they are not photostable enough to endure long-term STED imaging and the efficiency is generally too low to generate effective STED processing 13, 22 
Vicinal-dithiol-containing proteins (VDPs) containing two active thiol groups in the vicinity can be covalently labeled by a phenylarsenicate conjugate 25, 26 . To verify that the enhanced squaraine variant VDP probe 
The saturation intensity of the organic fluorophore (Atto 647N) was measured to be P = 3.069 mW when light reduced the fluorescence by half. This is comparable with values already published (P = 9 mW for CW STED 28, 29 Next, the probe was applied to 3D stack STED imaging in live cells. Previously, it was challenging to perform STED in 3D stacks because of photobleaching during imaging. As shown in We also observed the fusion process of mitochondria, as shown in Figure 4 (also see
Supplementary Videos 5 and 6). As highlighted by the white dashed boxed area, the mitochondria were initially in a typical line structure. Then, the cristae begin to form and grow rapidly ( 
